Prototype 20 watt solid state telemetry transmitter, volume 3 by Dettmann, J. & Ledrew, W.
J h  
D5-13424 
FINAL TECHNICAL REPORT 
PROTOTYPE 20 WATT 
S O L I D  -STATE 
TELEMETRY T R A N S M I T T E R  
VOLUME 1 1 1  OF 1 1 1  
A p r i l  1, 1960 
%. . , . - -  
COMPANV - SPACE DlVlSlON 
https://ntrs.nasa.gov/search.jsp?R=19680015519 2020-03-12T10:28:49+00:00Z
8 
F I N A L  TECHNICAL REPOPT - PPOTOTVPE 20 MATT, 
SOLTD-STATE TELEMETRY TRANSllTTTFT 
TITLE 
PI  AS8 - 2 07 7 7 MODEL NO. CONTRACT NO. 
PREPARED B Y :  W.  LEDREW APJD < I .  DETTflA.NN 
TELEMETRY SYSTEMS 
A P R I L  1, 1968 
~ ~ i .  B SMITH 
ISSUE NO. ISSUED TO 
T H E  mnE/Nc C O M P A N Y  S P A C E  D I V I S I O N  L A U N C H  S Y S T E M S  B R A N C H  
D 5 - 1 3 4 2 4  . .  
CONTENTS 
PARAGRAPH 
CON T EN T S 
I L L U S T R A T I O N S  AND TABLES 
VOLUME I11 O F  I11 
SECTION 1 - INTRODUCTION 
1 . o  INTRODUCTION 
SECTION 2 - THEORY 
2.0 THEORY OF OPERATION 
2.1 
2.3 M U L T I P L I E R S ,  F I L T E R ,  ISOLATOR 
E X C I T E R/ PI 0 D U L A T 0  R 
2.2 PRE-DRIVER/DRIVER AND POWER A M P L I F I E R  
SECTION 3 - S P E C I A L  TROUBLE SHOOTING AND 
A L  IGNMEMT I N S T R U C T I O N S  
SECTION 4 - DRAWING TREE 
PAGE 


































S-Band Telemetry T r a n s m i t t e r  
T r a n s m i t t e r  Block Diagram 
T r a n s m i t t e r  Schematic Diagram 
Exci ter/Modul a t o r  Schemati c D i  agram 
Exci ter/Modul a t o r  
P r e d r i v e r / D r i v e r  Schematic Diagram 
Power Amplifier Schematic Diagram 
Predri ver/Dri ver and Power A m c l  i f i e r  
T r a n s i s t o r  Thermal C h a r a c t e r i s t i c s  R C A ,  2N5071 
Automatic Level ing Circuit  ( A L C )  Schematic  Diagram 
Automati c Level Control 
First T r i p l e r  Schematic Diagram 
First T r i p l e r  (83.3 - 250 MHz) 
Varac tor  Thermal C h a r a c t e r i s t i c s  
Second T r i n l e r  Schematic Diagram 
Second Tri n l  e r  (250-750 MHz) 
Thi rd  T r i p l e r  Schematic Diagram 
T h i r d  T r i p l e r s  (750 - 2250 MHz) W i t h  Adder and 
S p l  i t t e r  
Bandnass F i l t e r  and I s o l a t o r  Schematic  Diagram 
Fi l te r  and I s o l a t o r  






















i i i  
D5- 13424 
SECTIOIJ I 
1 .o II4TRODUCTION 
This volume o f  document D5-13424 contains oneratina a n d  maintenance i n -  
s t ruc t ions  for a 20-Watt, sol id  s t a t e ,  telerietry t ransmi t te r  develooed 
under Contract rJAS8-20777 f o r  Georqe C .  tlarsha11 Space Fl iqht  Center, 
FiASA. Included i n  t h i s  volume i s  a theory o f  operation containing 
schematics and  block d i a q r a m s ,  ohotoqraphs of the major components, 





T ti EORY 
c 
2.0 THEORY O F  OPERATION 
Operation of  the t ransmit ter  may best  be described by breakinq the uni t  
down i n t o  three major subsystems: 
a .  Exciter - ModGlator  
b .  Drivers a n d  Power ,I\mnlifiers 
c. Frequency Yult ipl iers  
I n  addi t ion,  several anc i l la ry  and  interfacinq items such a s  power adders 
and s p l i t t e r s ,  f i l t e r s ,  i s o l a t o r s ,  e t c . ,  are used a n d  are  described in 
conjunction w i t h  the three main subsystems. Figure 2-1 i s  a photograph 
of the t ransmit ter  a n d  Figure 2-2 i s  the block diaaram. Figure 2-3 i s  
the conolete schematic. 
2 . 1  EXCITER-MODULATOR 
The exci ter-modul a tor  shown i n  the schematic o f  F i  gure 2-4 generates and  
tnodul a tes  a n  output signal which i s  one-twenty-seventh of the t ransmit ter  
o u t n u t  frequency, and as such the frequency deviation a n d  s t a b i l i t y  are 
a l so  one-twenty-seventh of the transnii t t e r  o u t p u t  signal requi renients. 
The output signal i s  generated by mixino two frequencies and  se lec t ing  the 
sum frequency by means of  a f i l t e r  a n d  tuned amplifier.  The  frequencies are 
generated by a crystal  o s c i l l a t o r  which provides frequency accuracy and 
s t a b i l i t y ,  and a voltaqe controlled o s c i l l a t o r  (VCC))  which allows the siqnal 
t o  be frequency modulated. Isolation o f  the modulation i n o u t  signal i s  
maintsined b y  a dc-to-dc converter and by transformer couplinq of the output 
s i  a n a l .  
The exci ter-modulator i s  shown in  Figure 2-5. 
2 . 1 . 1  Crystal Osci 1 l a t o r  
The crystal  o s c i l l a t o r  i s  a modified Coloit ts  c i r c u i t .  Temperature com- 
pensation with negative temperature coef f ic ien t  capacitors i s  used t o  
maintain a frequency s t a b i l i t y  of 0.001 percent. This s t a b i l i t y  i s  a lso 
achieved by operating the crystal in  i t s  fundamental mode and a t  very low 
power (approximately 500 microwatts) . The co l lec tor  ci  rcui t of the osci 1- 
l a t o r  i s  tuned t o  the fourth harmonic of the crystal  t o  obtain a mixer 
in jec t ion  frequency of 73.2 Mliz. Following the o s c i l l a t o r  i s  a buffer  
amplif ier  which has a nominal gain of 15 dU. A bandpass f i l t e r  i s  used 
a t  the output of the amplifier t o  r e j e c t  the undesired harmonics of the 
osci 11 a t o r .  
2.1.2 Voltage Control led Osci 11 a t o r  ( V C O )  
The V C O  i s  a C n l n i t t s  o s c i l l a t o r  usina two varactor diodes as the frequency 
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FIGURE 2-5 EXCITER-MODULATOR 
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2.1.2 (Cont inued)  
. 
c 
and b i a s  a o p l i e d  t o  t h e  v a r a c t o r  i n  t h e  tuned  c i r c u i t  c o n t r o l s  t h e  f r e -  
quency o f  t h e  o s c i l l a t o r .  A f i x e d  b i a s  i s  s u n p l i e d  t o  s e t  t h e  c e n t e r  
f requency a t  11.15 MHz and the  modu la t i on  i n r u t  a p p l i e d  between t h e  two 
v a r a c t o r s  determines t h e  amount and r a t e  o f  d e v i a t i o n  about t h e  c e n t e r  
f requency.  
maximum l i n e a r i t y  o f  t h e  vo l tage -capac i tance  c h a r a c t e r i s t i c s .  
The v a r a c t o r s  a r e  f i x e d  b iased  t o  a p o i n t  which w i l l  p r o v i d e  
Two back- to-back v a r a c t o r s  are used t o  reduce t h e  i f i c i d e n t a l  f requency 
modu la t i on  o f  t h e  V C O  due t o  the  v o l t a g e  swing on t h e  c o l l e c t o r  of t h e  
o s c i l l a t o r  t r a n s i s t o r .  Using two v a r a c t o r s  i n  t h i s  manner a l s o  inc reases  
t h e  modu la t i on  f requencv  response o f  t h e  o s c i  11 a t o r .  
The o s c i l l a t o r  i s  e x t e n s i v e l y  tempera ture  comaensated t o  m a i n t a i n  a s t a -  
b i  1 i t y  o f  app rox ima te l y  0.02 percent .  The tempera ture  s e n s i t i v e  c o l l  e c t o r  
capac i tance o f  t h e  t r a n s i s t o r  g e n e r a l l y  has a s i g n i f i c a n t  e f f e c t  on t h e  
f reauency  s t a b i l i t y  o f  t h e  c i r c u i t .  To m in im ize  t h i s  e f f e c t ,  a r e l a t i v e l y  
l a r g e  capac i tance i s  p l a c e d  i n  p a r a l l e l  w i t h  t h e  t r a n s i s t o r .  The p h y s i c a l  
l a y o u t  o f  t h e  o s c i l l a t o r  c i r c u i t  i s  o n t i m i z e d  t o  o b t a i n  a d d i t i o n a l  f requen-  
cy s t a b i l i t y .  A t r immer  c a p a c i t o r  i s  p l a c e d  i n  t h e  e m i t t e r  c i r c u i t  o f  t h e  
o s c i l l a t o r  t r a n s i s t o r  t o  p r o v i d e  t h e  c a p a b i l i t y  f o r  f i n e  t u n i n g  t h e  t r a n s -  
m i t t e r  c e n t e r  f requency.  This  c o n t r o l  p rov ides  a r e s o l u t i o n  o f  0.001 
pe rcen t  o f  t h e  t r a n s m i t t e r  ou tpu t  f requency .  
The VCO i s  l o o s e l y  coup led  t o  a b u f f e r  a m n l i f i e r  hav ing  a g a i n  o f  a p p r o x i -  
ma te l y  15 dB. 
t h e  h i g h e r  o r d e r  harmonics o f  t h e  VCO. 
F o l l o w i n g  t h e  a m p l i f i e r  i s  a low pass f i l t e r  which r e j e c t s  
2.1.3 Balanced M i x e r  
The balanced m i x e r  i s  a double ba lanced m i x e r  and c o n s i s t s  b a s i c a l l y  o f  
t r a n s f o r m e r s  and h o t - c a r r i e r  d iodes i n  a b r i d g e  arrangement. S i g n a l s  
he VCO and t h e  c r y s t a l  o s c i l l a t o r  a re  i n j e c t e d  i n t o  t h e  m ixe r .  The f rom 
tuned 
84.35 
w a t t s  
f i e r  
c i  r c u  
2 .2  
c i r c u i t  o u t n u t  o f  t h e  m ixe r  passes t h e  sum o f  these two s i g n a l s ,  
MHz. T h i s  s i g n a l  i s  a m p l i f i e d  t o  a l e v e l  o f  app rox ima te l y  30 m i l l i -  
(mw) by two s h a r p l y  tuned a m p l i f i e r s .  
s t rans fo rmer -coup led  t o  p r o v i d e  d-c i s o l a t i o n  f rom t h e  f o l l o w i n g  
ts. 
The o u t p u t  o f  t h e  f i n a l  amp l i -  
P R E - D R I V E R / D R I V E R  AND POWER AMPLIFIER 
The o u t p u t  o f  t h e  e x c i t e r - m o d u l a t o r  i s  a l o w - l e v e l  s i g n a l  wh ich  must be 
g r e a t l y  a m p l i f i e d  f o r  a p p l i c a t i o n  t o  t h e  m u l t i p l i e r  cha in .  Th is  i s  
accompl ished by t h e  p r e d r i v e r - d r i v e r  and power amp1 i f i e r  c i r c u i t s .  
2.2.1 P r e - D r i v e r - D r i v e r  Amp1 i f i e r s  
The p r e d r i  v e r - d r i  v e r  c i  r c u i  t, shown s c h e m a t i c a l l y  i n  F i g u r e  2-6, c o n t a i n s  
t h r e e  a m n l i f y i n g  s tages .  
f o r  maximum o p e r a t i o n a l  s t a b i l i t y .  The f i r s t  t r a n s i s t o r  opera tes  as p a r t  
of t h e  Automat ic  Leve l  Cont ro l  (ALC) c i r c u i t .  The t r a n s i s t o r  i n  t h e  
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FIGURE 2-8 PREDRIVER-DRIVER AND POWER AMPLIFIER 
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2.2.1 (Cont inued)  
e m i t t e r  c i r c u i t  a c t s  as a v a r i a b l e  emi t t e r - r e s i s t o r  f o r  c o n t r o l  1 i n g  t h e  
g a i n  o f  t h e  s tage.  
e m i t t e r  t r a n s i s t o r  w i l l  va ry  t h e  o u t p u t  power o f  t h e  p r e d r i v e r - d r i v e r  
between ze ro  and 30 wa t t s .  The nominal  o u t p u t  i s  14 w a t t s  w i t h  a nominal 
o v e r a l l  g a i n  o f  26 db. The p r e d r i v e r - d r i v e r  a m p l i f i e r s  ope ra te  f rom t h e  
p r ime  dc power s u p p l i e d  t o  the t r a n s m i t t e r .  
o f  t h e  p r e d r i v e r - d r i v e r  and power a m p l i f i e r  module. 
2.2.2 Power A m p l i f i e r  
The o u t u u t  o f  t h e  n r e d r i v e r - d r i v e r  a m p l i f i e r  i s  coup led  t o  a lumued con- 
s t a n t ,  two-way power d i v i d e r .  T h i s  c i r c u i t  i s  a pass i ve  LC network ,  t h e  
ou tpu ts  o f  which a r e  coup led  t o  two separa te  a m p l i f i e r  c i r c u i t s .  Each 
a m p l i f i e r  shown i n  F i g u r e  2-7 c o n s i s t s  o f  two t r a n s i s t o r s  i n  p a r a l l e l .  
As w i t h  t h e  p r e d r i  v e r - d r i v e r  c i  r c u i  t, these t r a n s i s t o r s  a r e  a1 so opera ted  
common-emitter and a re  e x t e n s i v e l y  decoupled f rom t h e  pr ime 28 v o l t  supp ly  
f o r  optimum s t a b i l i t y .  
The ou tpu ts  o f  t h e  two a m p l i f i e r s  a r e  combined i n  a lumped cons tan t  power 
adder. T h i s  adder i s  s i m i l a r  t o  t h e  nower d i v i d e r  a t  t h e  i n p u t ,  except  
t h a t  i t  i s  used i n  t h e  reverse  d i r e c t i o n .  A maximum o f  140 w a t t s  o f  
power can be ob ta ined  a t  t h e  combined o u t p u t .  The nominal o p e r a t i n g  
l e v e l  i s  110 w a t t s ,  w i t h  an o v e r a l l  c i r c u i t  g a i n  o f  9 db. 
The t r a n s i s t o r  t-ype used i n  the  power a m p l i f i e r  i s  t h e  R C A  - 2N5071. 
i s  an e p i t a x i a l ,  s i l i c o n ,  n-p-n, p l a n a r  t r a n s i s t o r  employ ing an o v e r l a y  
emi t t e r - e l e c t r o d e  des ign.  
dev i ce  i s  shown i n  F igu re  2-10. 
2 .2.3 Automat ic  Leve l  Cont ro l  (ALC) 
The d-c c o n t r o l  v o l t a g e  a t  t h e  base c i r c u i t  o f  t h e  
F i g u r e  2-8 i s  a photograph 
The power a m p l i f i e r  i s  shown i n  F i g u r e  2-8. 
T h i s  
A p l o t  o f  t h e  thermal  c h a r a c t e r i s t i c s  f o r  t h i s  
The ALC c i r c u i t  shown i n  F igu re  2-11 i s  used t o  m a i n t a i n  a c o n s t a n t  d r i v e  
power t o  t h e  frequency m u l t i p l i e r  cha in .  T h i s  i s  r e q u i r e d  t o  p r o v i d e  a 
cons tan t  t r a n s m i t t e r  power ou tpu t  rega rd less  o f  p r ime power f l u c t u a t i o n s  
o r  tempera ture  env i ronment .  
sampled by a d iode d e t e c t o r  i n  t h e  power adder. T h i s  s i g n a l  i s  coup led  
t o  a th ree-s tage,  d-c a m p l i f i e r  u s i n g  a zener  r e g u l a t e d  supp ly  v o l t a g e .  
The a m p l i f i e d  d-c o u t p u t  i s  used as a b i a s  c o n t r o l  on t h e  e m i t t e r  t r a n s i s -  
t o r  l o c a t e d  i n  t h e  p r e d r i v e r - d r i v e r .  
creases,  t h e  ALC a m p l i f i e r  increases t h e  b i a s  on t h e  e m i t t e r  c o n t r o l  t r a n s i s -  
t o r  i n  t h e  p r e d r i v e r - d r i v e r  c i r c u i t .  
a m p l i f i e r s ,  t he reby  r e s t o r i n g  t h e  power a m p l i f i e r  o u t p u t  t o  t h e  d e s i r e d  
l e v e l .  
The RF o u t p u t  o f  t h e  power a m p l i f i e r  i s  
When t h e  power a m p l i f i e r  o u t p u t  de- 
T h i s  inc reases  t h e  d r i v e  t o  t h e  power 
F i g u r e  2-12 i s  a photograph o f  t h e  ALC c i r c u i t .  
2 .3  FREQUENCY MULTIPLIERS, FILTER,ISOLATOR 
The h i g h - l e v e l  RF o u t p u t  o f  the power a m p l i f i e r  s tage  i s  used t o  d r i v e  
a t imes 27 m u l t i p l i e r  which uses t h r e e  v a r a c t o r  t r i p l e r  s tages .  
2-1 2 
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FIGURE 2-1 2 AUTOMAT1 C LEVEL CONTROL 
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2.3.1 83.3 - 250 MHz F i r s t  T r i p l e r  
The f i r s t  t r i p l e r ,  F i g u r e  2-13, uses two Var ian  Assoc ia tes  VA6800H varac-  
t o r  d iodes i n  a p u s h - p u l l  c o n f i g u r a t i o n .  These d iodes a r e  r e f e r r e d  t o  as 
"Bimode" diodes because t h e y  have two modes f o r  g e n e r a t i n g  harmonics of  
t h e  d r i v e  s i g n a l .  One mode i s  t h e  normal o p e r a t i n g ,  n o n - l i n e a r  reac tance  
mode. The second mode i s  r e f e r r e d  t o  as t h e  charge s t o r a g e  mode. When 
t h e  d iode  i s  b iased  i n  t h e  reverse d i r e c t i o n  by t h e  d r i v e  s i g n a l ,  a l a r g e  
charge i s  b u i l t  up and s t o r e d  a t  t h e  j u n c t i o n .  
an amp l i t ude  where the  j u n c t i o n  i s  f o r w a r d  b iased,  t h i s  charge i s  suddenly 
r e l e a s e d  r e s u l t i n g  i n  a sharp i n c r e a s e  i n  c u r r e n t  f l o w  which i s  r i c h  i n  
harmonics.  
As t h e  d r i v e  s i g n a l  approaches 
The input  o f  t h e  t r i p l e r  i s  t rans fo rmer -coup led  w i t h  t h e  p r i m a r y  tuned  
t o  t h e  fundamental f requency.  The o v e r a l l  e f f i c i e n c y  i s  app rox ima te l y  
75 p e r c e n t  w i t h  a nominal  d r i v e  o f  110 w a t t s . ,  
o f  t h e  f i r s t  t r i p l e r ,  and F i g u r e  2-15 i s  a p l o t  o f  t h e  thermal  c h a r a c t e r i s -  
t i c s  o f  t h e  VAB800H v a r a c t o r .  
F i g u r e  2-14 i s  a photograph 
2.3.2 250 - 750 MHz Second T r i p l e r  
'he second t r i p l e r ,  F i g u r e  2-16, uses two M o t o r o l a  MV1805C v a r a c t o r s  i n  a 
p u s h - p u l l  c o n f i g u r a t i o n  s i m i l a r  t o  t h e  f i r s t  t r i p l e r .  The MV1805C d iodes 
a r e  graded j u n c t i o n  dev ices,  and opera te  i n  t h e  charge s t o r a g e  mode men- 
t i o n e d  i n  t h e  d i s c u s s i o n  o f  the f i r s t  t r i p l e r .  
c u i t  i s  i n  excess o f  70 pe rcen t  w i t h  an i n p u t  o f  80 w a t t s .  F i g u r e  2-17 shows 
t h e  second t r i p l e r  module, and F i g u r e  2-15 shows t h e  thermal  c h a r a c t e r i s t i c s  
o f  t h e  v a r a c t o r s .  
The e f f i c i e n c y  o f  t h e  c i r -  
2.3.3 750 - 2250 MHz T h i r d  T r i p l e r  
The t h i r d  t r i p l e r ,  F i g u r e  2-18, c o n s i s t s  o f  two c o a x i a l  c a v i t y  t r i p l e r s  
connected i n  p a r a l l e l  by means o f  a power s p l i t t e r  and a power adder. 
F i g u r e  2-19 i s  a photograph o f  t h e  two t r i p l e r s ,  and t h e  power d i v i d e r  
adder. 
e f f i c i e n c y  i n  excess o f  50 pe rcen t  w i t h  a d r i v e  o f  55 w a t t s .  Each t r i p  
uses a s i n g l e  1N5150 v a r a c t o r  o p e r a t i n g  i n  t h e  same mode as t h e  MV1805C 
u n i t s  o f  t h e  second t r i p l e r .  The thermal  c h a r a c t e r i s t i c s  o f  t h e  1N5150 
shown i n  F i g u r e  2-15. 
The o v e r a l l  c i r c u i t ,  e x c l u s i v e  o f  t h e  f i l t e r ,  ope ra tes  a t  an 
nd  
e r  
a r e  
Each t h i r d  t r i p l e r  c o n s i s t s  o f  t h r e e  c o a x i a l  c a v i t y  f i l t e r s .  
a q u a r t e r  wavelength c a v i t y  tuned t o  t h e  i n p u t  f requency by a v a r i a b l e  
c a p a c i t o r  mounted a t  t h e  end o f  t h e  c e n t e r  conductor .  
made by a d i r e c t  t a p ,  and o u t p u t  c o u p l i n g  t o  t h e  v a r a c t o r  i s  o b t a i n e d  w i t h  
a tuned  loop.  The v a r a c t o r  i s  mounted i n  t h e  c e n t e r ,  o r  i d l e r ,  c a v i t y .  
T h i s  c a v i t y  i s  t u n e d  t o  resonance a t  t h e  second harmonic o f  t h e  i n p u t  f r e -  
quency u s i n g  t h e  average d iode capac i tance  and t h e  v a r i  ab1 e capaci  t o r  
iliounted t o  t h e  c e n t e r  conductor .  I n  e f f e c t ,  t hese  components c o n s t i t u t e  
a ha1 f -wavelength,  s e r i e s  resonant c i  r c u i  t. Coup1 i n g  t o  t h e  t h i  r d  c a v i t y  
T h j z  c a v i t y  i s  tuned t o  the t h i r d  harmnnic n f  t h e  i n p u t ,  
which i s  t h e  r e q u i r e d  o u t p u t  frequency. 
d i r e c t  t a p  t o  t h e  c e n t e r  conductor.  
The f i r s t  i s  
I n p u t  c o u p l i n g  i s  
c a p a c i t i v e .  





.- rr c3A 
I J 
FIGURE 2-13 FIRST T R I P L E R  SCHEMATIC DIAGRAM 
2-1 6 
05- 1 3424 






21 CL 3 
I 
I I I 
N a -r 0 - rg - 0 N v N 































I- - / I  
N a -r 0 - rg c 







o o  - l o ,  ln - 
win 
ln ! j Z  - $ 4 :  
g % O  
2 2  
N 












I c3 i 
I 7 Cr - \  1’ 
I 
I J 









FIGURE 2-18 THIRD TRIPLER SCHEMATIC DIAGRAM 
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2.3.3 ( Con t i nued) 
The power s p l i t t e r  a t  t h e  i n p u t  t o  t h e  t r i p l e r  i s  c o n s t r u c t e d  w i t h  q u a r t e r  
wavelength l i n e s  u s i n g  microwave s t r i p l i n e  techn iques .  The o u t p u t  adder  
uses t h e  same s t r i p l i n e  techniques.  The s p l i t t e r  and adder  have a com- 
b ined  i n s e r t i o n  l o s s  o f  0.4 db,  which i nc reases  t h e  o v e r a l l  l o s s  of t h e  
t r i p l e r  by about  e i g h t  percent .  
Not c l e a r l y  shown i n  F i g u r e  2-19 a r e  t h e  l o w - l o s s  R e x o l i t e  c e n t e r  con- 
d u c t o r  suppor ts .  These suppor ts  a r e  bonded t o  t h e  c e n t e r  conductor  o f  
each c a v i t y  a t  t h e  p o i n t  where t h e  t u n i n g  c a p a c i t o r  f a s t e n s  t o  t h e  con- 
d u c t o r  and cause no d i sce rnab le  l o s s  i n  t h e  e f f i c i e n c y  o f  t h e  t r i p  e r .  
The suppor ts  a re  necessary t o  p reven t  g e n e r a t i o n  o f  any i n c i d e n t a l  FM 
o r  AM due t o  c e n t e r  conductor  v i b r a t i o n  under  extreme envi ronmenta con- 
d i  t i  ons. 
2.3.4 Bandpass F i l t e r  and I s o l a t o r  
The bandpass f i l t e r  i s  a two-sec t i on  c o a x i a l  c a v i t y  f i l t e r ,  and suppresses 
a l l  harmonics o f  t h e  o u t p u t  t o  t h e  r e q u i r e d  l e v e l s .  
o u t p u t  p r o t e c t s  t h e  t r a n s m i t t e r  f rom h i g h  s t a n d i n g  wave r a t i o s  (SWR) 
o c c u r r i n g  d u r i n g  open and s h o r t  c i r c u i t e d  l o a d  c o n d i t i o n s .  
The i s o l a t o r  a t  t h e  
The combined i n s e r t i o n  l o s s  o f  t h e  f i l t e r  and i s o l a t o r  i s  0.8 db, wh ich  
decreases o u t p u t  power by approx imate ly  17 pe rcen t .  
F i g u r e  2-20 shows a schematic reQresen ta t i on  o f  t k e  bandpass f i l t e r  and 
s i o l a t o r ,  and F i g u r e  2-21 i s  a photograph of b o t h  dev ices .  
2-22 




FIGURE 2-20 BANDPASS F I L T E R  AND ISOLATOR SCHEMATIC DIAGRAM 
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SECTION 3 
S P E C I A L  TROUBLESHOOTING AND A L I G N M E N T  INSTRUCTIONS 
3.0 INTRODUCTION 
This section provides alignment and troubleshooting instruct ions f o r  
the t ransmit ter .  The individual modules of the t ransmi t te r  a r e  each 
tuned separately a n d  then a r e  integrated 
time. This Procedure s t a r t s  with the exci ter/modulator then proceeds 
with the predriver-driver,  power amplifier,  automatic level cont ro l ,  
f i r s t  t r i p l e r ,  second t r i D l e r ,  a n d  th i rd  t r i p l e r .  
in to  the system one a t  a 
3.1 MODULE TEST AND ALIGNMENT 
3.1.1 Exci ter/Modul a t o r  (Figure 2-4)  
The e x c i t e r  modulator i s  composed o f  the fol lowing c i r c u i t s :  power suDply3 
vol tage-control led osci 1 l a t o r ,  crystal  osci 1 l a t o r ,  a n d  output f i  1 ter ,  and 
amplifier.  The e x c i t e r  modulator operation , maintenance,and performance 
a re  described in the following paragraphs u t i l i z i n g  the c i r c u i t  schematic 
of Figure 2-4.  
3.1.1.1 Vol tage-Control1 ed Osci 11 a t o r  ( V C O )  
This o s c i l l a t o r  operating a t  11.15 MHz allows the  t ransmi t te r  frequency 
t o  be deviated u p  t o  500 KHz a t  ra tes  from 0 t o  500 KHz. Modulation i s  
accompl i shed i n  the colpi t t s  type c i r c u i t  with vol tage-vari ab1 e capa- 
c i t o r s  in the tuned c i rcu i t ry .  The o s c i l l a t o r  i s  frequency s tab i l ized  
f o r  temperature by select ing a combination of posi t ive and negative co- 
e f f i c i e n t  capacitors during i n i t i a l  c i r c u i t  t e s t .  
I n  the o s c i l l a t o r ,  t r a n s i s t o r  Q6 i s  forward biased by R17, R18 and R19. 
C47 and C60 ground the base for  ac s ignals .  
and C38 form the o s c i l l a t o r  feedback network. C39 a n d  C40 are  used f o r  
coarse s e t t i n g  of the o s c i l l a t o r  frequency and temperature compensation. 
C41 i s  a double-ended variable a i r  capacitor connected i n  para l le l  and so 
mounted t h a t  one section i s  accessible f o r  frequency adjustment of the 
t ransmi t te r  when the exciter/modulator i s  i n s t a l l e d  and the main chassis .  
The other  section of C41 i s  accessible from the bottom of the exc i te r /  
modulator. L6 i s  the t a n k  c i r c u i t  inductive component. C49 couples 
the vol tage-variable capacitor network t o  the o s c i l l a t o r  t a n k  c i r c u i t  
a n d  prevents grounding o f  D3 bias voltage through L6. 
vide an ac signal ground p a t h  f o r  the voltage-variable capacitor network, 
D3 a n d  D4. R22, R23, R26 and R27 bias the voltage-variable capacitors 
D3 and D4. R24, R25, L8 a n d  C58 cons t i tu te  an  input signal divider 
network which determines the deviation s e n s i t i v i t y  a n d  input impedance. 
T e m p e r s t ~ r e  romnenqated zener diode D2 provides a regulated 9 .1  vol ts  
f o r  the VCO s tabe only. Inductor L7 i n j e c t s  ( o r  couples) t h e  VC8 signs’! 
Capacitors C34, C36, C37 
C50 a n d  C61 pro- 
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3.1.1.1 (Cont inued)  
i n t o  e m i t t e r  f o l l o w e r  Q7 which d r i v e s  Q8, an untuned a m p l i f i e r ,  and 
Q9 a tuned a m p l i f i e r .  The o u t p u t  o f  1 mw i s  f e d  t o  t h e  m ixe r .  
3.1.1.2 C r y s t a l  Osci 11 a t o r  C i  r c u i  t s  
The c r y s t a l  o s c i l l a t o r  i s  a C o l p i t t s  t y p e  c i r c u i t  u t i l i z i n p  a funda-  
menta l  node c r y s t a l .  The o s c i l l a t o r  t r a n s i s t o r  c o l l e c t o r  c i r c u i t  i s  
tuned t o  t h e  f o u r t h  harmonic o f  t h e  o s c i l l a t i o n  f requency.  Two tuned 
a m p l i f i e r  s tages and a bandpass f i l t e r  f o l l o w  t h e  o s c i l l a t o r .  The 
f i l t e r  o u t p u t  o f  0.5 mw, a t  73.2 MHz, i s  f e d  t o  t h e  m i x e r .  T r a n s i s t o r  Q1 
i s  fo rward  b iased  th rough  RFC L2 by R1 and R2 t o  o b t a i n  a power l e v e l  
o f  0.2 t o  0.7 mw across  CR1.  C1  dc i s o l a t e s  CR1. C2, C3 and C4 fo rm 
t h e  o s c i l l a t o r  feedback network. C2 i s  used f o r  tempera ture  compensation 
o f  t h e  c i r c u i t .  
f requency ,  s i n c e  t h i s  i s  r e a d i l y  compensated f o r  i n  t h e  t u n i n g  o f  t h e  
VCO.  C6 i s  tuned f o r  maximum o u t p u t  o f  t h e  bandnass f i l t e r  ( T l ) .  D1 
p rov ides  a tempera ture  compensated r e g u l a t e d  9.1 V f o r  t h e  o s c i  11 a t o r  
s tage.  T r a n s i s t o r  a m p l i f i e r  s tages Q2 and Q3 a r e  f i x e d  tuned, C9 and 
C10 b e i n g  s e l e c t e d  t o  match i n d u c t o r s  L3 and L4, r e s p e c t i v e l y .  T1 i s  
a t r i P l e  tuned f i l t e r  t uned  by C12. 
t h e  m i x e r  (app rox ima te l y  0.5 mw) o r  f o r  maximum o u t p u t  o f  t h e  e x c i t e r /  
modu la to r  ( a t  T2) .  
No p r o v i s i o n  i s  made f o r  c o r r e c t i o n  o f  t h e  o s c i l l a t o r  
C12 i s  tuned f o r  maximum o u t p u t  t o  
3.1.1.3 M i x e r  
A HP 105348 Double ba lanced m i x e r  i s  used. T h i s  i s  a sea led  u n i t  r e -  
q u i r i n g  no ad jus tment  o r  maintenance. convers ion  l o s s  w i l l  be 6-8 DB. 
3.1.1.4 OutDut F i l t e r  and A m p l i f i e r  
The 84.35 MHz s i g n a l  (upper  s ideband)  f rom t h e  m i x e r  i s  s e l e c t e d  by t h e  
f i l t e r  and a m p l i f i e r  t uned  c i r c u i t s .  
o f  C20, C21, C35, L11, L12, C22 and C23, and t h e  tuned  c i r c u i t  o f  Q5 
a r e  tuned  f o r  a passband o f  3 MHz. 
c o l l e c t o r  c i r c u i t  o f  Q4 i s  f i x e d  tuned. 
and C28 a r e  tuned f o r  maximum o u t p u t  o f  28 mw a t  T2. 
The doub le  tuned f i l t e r ,  c o n s i s t i n g  
V a r i a b l e  c a p a c i t o r s  C20, C23 
The c a p a c i t o r  t u n i n g  L5 i n  t h e  
3.1.1.5 Power Supply  
The power supp ly  p r o v i d e s  an i s o l a t e d  and r e g u l a t e d  nominal  1 5  VDC f rom 
wh ich  t h e  e x c i  t e r / m o d u l a t o r  opera tes .  I n p u t  c u r r e n t  shou ld  be a p p r o x i -  
m a t e l y  60 ma w i t h  a 28.0 VDC i n p u t  and t h e  o u t p u t  c u r r e n t  50 ma when 
loaded  by t h e  e x c i t e r / m o d u l a t o r .  
An o u t p u t  v o l t a g e  l e v e l  c o n t r o l  i s  p rov ided.  The o u t p u t  v o l t a g e  l e v e l  
c o n t r o l  may be s e t  w i t h i n  t h e  range o f  13.5 V t o  16.5 V t o  o p t i m i z e  t h e  
e x c i  ierj’rriuriui dtij i-  s i t p u t  pswer 7 elve!. 
Regu la t i on  o f  t h e  o u t p u t  i s  +0.25%. 
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3.1.1.6 Performance 
The exciter/modulator performance shal l  conform t o  the following pa ra -  
graphs of Volume 1 Section 1.  
2 . 1 . 1  2.1.10* 
2 . 1 . 2  2 .1 .11*  
2.1.4* 2 . 1 . 1 2 *  
2.1.5* 2 .1 .13  
2 . 1 . 7  2.1.14* 
2.1.8 2.1.15 
2 . 1 . 9  
* O u t p u t  frequency and frequency deviation of the exc i te r /  
modulator will  be one twenty seventh (1/27) of the overall  
t ransmi t te r  requirement. 
3.1.2 Predriver/Driver (Figure 2-6) 
The Predriver /dr iver  has only one alignment or t u n i n g  control ,  C38. 
This adjustment i s  used t o  match the output of t r a n s i s t o r  Q7 t o  the i n -  
p u t  of t r a n s i s t o r  Q8 and provide maximum output power of the module. 
The exciter/modulator i s  used t o  supply RF power t o  the  module a t  the 
open end of R27. 
supply w i t h  a zero t o  20 volt  range a n d  i s  connected between the open 
end o f  R10 and dc common. 
ducted w i t h  the power s p l i t t i n g  network, L36, L37, C41 and C42, d i s -  
connected. A 50 ohm coaxial tes t  cable i s  connected from the junction 
of C39 a n d  C40 t o  the 50 ohm coaxial load a n d  power meter capable handling 
30 watts of power. The predriver/driver shal l  perform as follows under 
the specif ied conditions: 
The A L C  voltage i s  obtained from an additional dc power 
I n i t i a l  t e s t s  of the predriver /dr iver  a r e  con- 
Module Temperature = no grea te r  than 30°C 
Supply Voltage = 24 t o  32 vol t s ,  dc 
Supply Current = l e s s  than 2.0 Amperes 
Power o u t p u t  = no l e s s  than 20 watts 
Power Gain = no l e s s  than 28 DB 
CAUTION: Do not allow the supply current t o  
exceed 2 .5  amperes 
The A L C  voltage i s  used t o  c o n t r o l  the o u t p u t  power and supply current .  
For the complete supply voltage range of 24 t o  32 vol t s ,  a l l  spurious 
signals w i t h i n  - +20 MHz o f  the c a r r i e r  shal l  be 70 DB below the c a r r i e r  
peak amplitude. Some re-adjustment o f  the  bandpass fi1ier.s and ~ i i t p ~ L i t  




adequate suppression of  the sourious s igna?s (see P a r a g r a p h  3 .1 .1) .  
If  the f i l t e r s  are  re-adjusted i t  will be necessary t o  measure the f r e -  
auency response o f  the exciter/modulator t o  ensure t h a t  i t  i s  s t i l l  within 
to1  erance. 
3 .1 .3  Power Amplifier (Figure 2 - 7 )  
The power amplif ier  has eight variable capaci tors ,  two each of  which 
a re  used t o  match a n d  balance the drive t o  each t r a n s i s t o r .  The t rans-  
i s t o r s  a r e  tuned i n  nairs .  The power adding c i r c u i t  consisting o f  R5, 
C23, C24, L21 and L22 i s  disconnected during t h i s  procedure. RF power 
i s  supplied t o  the power amplifier from the exciter/modulator a n d  the 
predriver /dr iver  c i r c u i t s .  An external bias supply i s  used in place o f  
the A L C  t o  control the o u t r u t  o f  the predriver /dr iver  as described i r :  
p a r a g r a n h  3.1.1. A 50 ohm c o a x i a l  t e s t  cable i s  used t o  connect the 
outout o f  the nredriver/driver (.junction of C39 a n d  C40 f igure 2-6)  t o  
the i n w t  o f  one p a i r  of amnliers of the poller amDlifier ( junction o f  
e i t h e r  L 1  and  L2 o r  L3 and L 4 ) .  
s ix  inches. Another 50 ohm coaxial t e s t  cable i s  used t o  connect the 
output o f  the t r a n s i s t o r  pa i r  t o  a 50 ohm coaxial load and power meter 
capable of monitoring 300 watts ( a t  the h o t  end of e i t h e r  C21  or C22 
depending uDon which pa i r  o f  amplifiers are  being t e s t e d ) .  The dc supply 
current of each t r a n s i s t o r  must be monitored separately and  continuously. 
A common dc supply i s  used for the exciter/modulator (including the 
dc-dc conver te r ) ,  predriver/driver a n d  the power amplifier.  The dc current 
of the nredriver /dr iver  must a l so  be monitored separately.  
This t e s t  cable shal l  be no  longer than 
I n i t i a l l y  adjust  the s e r i e s  capacitors C 1 ,  C2, C3 a n d  C4 t o  minimum 
capacitance ( t h e  tuning slug a l l  the way o u t ) .  A d j u s t  the shunt capa- 
c i t o r s  C5, C6, C7 and C8 t o  maximum capacitance (tuning slug a l l  the way 
i n ) .  Adjust the supnly voltage f o r  24 v o l t s .  Gradually increase the 
o u t p u t  power of the predriver/driver t o  aproximately 5 watts b,y means 
of the A L C  bias control .  Alternately a d j u s t  the s e r i e s  capacitors,  
approximately one quarter turn a t  a time, o f  the  t r a n s i s t o r  pa i r  being 
tes ted t o  obtain maximum power o u t p u t .  I n  the same manner, a l t e r n a t e l y  
a d j u s t  the shunt capacitors to maintain a dc current balance between the 
two t r a n s i s t o r s .  
CAUTION:  Never allow the individual t r a n s i s t o r  
current t o  exceed 2.5 amperes n o r  the 
unbalance between the t r a n s i s t o r  pa i r  t o  
exceed 0 .75  amneres. Do n o t  allow the 
module base p la te  temoerature t o  exceed 
30°C for these t e s t s .  
Gradza l  l y  i n c r e a s e  t h e  nredri ver /dr iver  o u t p u t  t o  approximately seven 
watts. 
a supply voltage range of 24 t o  32 vol t s :  




I .  
I -  
S u p p l y  Current = l e s s  than 2.0 amperes per t r a n s i s t o r  
Power O u t p u t  = no l e s s  t h a n  60 watts 
Power Gain = no less  t h a n  9 DB 
For the complete supply voltage range o f  24 t o  32 v o l t s ,  a l l  spurious 
s ignals  within __ +20 MHz of the c a r r i e r  shal l  be 70 DB below the c a r r i e r  
ampl i tude. 
After alignment o f  the individual pa i r s  of t r a n s i s t o r s  has been accom- 
plished, the Dower s p l i t t i n g  network i s  added t o  the output of the pre- 
dr iver /dr iver  (L36, L37, C41 a n d  C42 of f igure 2 - 6 ) .  
dividual power outputs of the predriver /dr iver  module with 50 ohm coaxial 
t e s t  cables t o  insure t h a t  they are balanced and t h a t  the  combined power 
o u t p u t s  a re  as specif ied in  paragraph 3.1.1. 
Monitor the in-  
Connect the RF outDuts of the predriver /dr iver  t o  the inputs of the nower 
amplifier per the assembly drawing (SK/LST0481). 
loads t o  the t r a n s i s t o r  pairs and moni to r  the dc current of each nower 
amplifier t r a n s i s t o r  individually and the complete predriver /dr iver  module. 
The power amplifier shal l  perform as previously s ta ted .  The outputs of 
each Pair  of t r a n s i s t o r s  shall  be balanced t o  within two watts.  Alter- 
nately adjust  the s e r i e s  i n p u t  capacitors of each p a i r  t o  obtain the re- 
quired balance of dc current  and power o u t p u t .  
ment should be required i f  any. 
Connect individual 
Only a very small adjust-  
I n s t a l l  the  power adder network f o r  the power amplifier (R5, C23, C23, 
L21 and L22) .  Continue t o  monitor the individual currents of the power 
amplifier t r a n s i s t o r s  and the complete predriver /dr iver  module. The 
power amplif ier  combined output shal l  be no l e s s  t h a n  120 watts under 
the same conditions of supply voltage, dc current a n d  power g a i n  s t a t e d  
p re v i  ous 1 y . 
3.1.4 Automatic Level Control (Figure 2-1 1 ) 
The automatic level control ( A L C )  c i r c u i t  has  only one variable component. 
This r e s i s t o r ,  R2, i s  used t o  adjust  the output voltaae of the c i r c u i t .  
To connect the A L C  c i r c u i t  i n t o  the system o r  "close the A L C  l o o p " ,  s e t  
the dc supply t o  26 vol t s .  Using an external ALC bias supply, as in the 
previous p a r a g r a p h s ,  ad jus t  the power ampl i f  i e r  output t o  nominal 11 5 watts.  
A d j u s t  R2 of the A L C  c i r c u i t  t o  obtain the same voltage a t  the A L C  out- 
p u t  ( C 2 )  as t h a t  of the external bias supply. Remove the external bias 
supply a n d  s u b s t i t u t e  f o r  i t  the  ALC output. 
of R2 may be required t o  obtain the 115 watt output. 
voltage from 24 t o  32 vol t s .  The power output shal l  not vary more t h a n  
+ - 3.0%. 
amplifier t r a n s i s t o r s  n o r  tiie 5fidividi;;? current sf t h e  predriver /dr iver  
module be monitored separately.  
Some additional adjustment 
Vary the dc supply 
I t  i s  not required t h a t  the individual current of the power 
However, the to ta l  current o f  the dc 
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3.1.4 ( Con t i nued) 
supp ly  shou ld  never  exceed 10.0 amperes a t  24 v o l t s  and 9.0 amperes a t  
32 v o l t s  under any c i rcumstances.  
c u r r e n t  a t  24 v o l t s  s h o u l d  be l e s s  t h a n  8.5 amreres and l e s s  t h a n  8.0 
amperes a t  32 v o l t s .  
Fo r  a nominal 115 w a t t  o u t p u t ,  t h e  dc 
3.1.5 F i r s t  T r i p l e r  (F igu re  2-13]  
The f i r s t  t r i p l e r  has seven v a r i a b l e  c a p a c i t n r i  w h i c h  r e q u i r e  ad jus tmen t .  
C6 and C8 a r e  a d j u s t e d  t o  p r o v i d e  a s e r i e s  resonant  c i r c u i t  a t  t h e  i n r u t  
f requency.  They a l s o  p r o v i d e  some impedance matching c a p a b i l i t y  f o r  t h e  
i n p u t  c i  r c u i  t. These c a p a c i t o r s  a r e  genera l  l y  ad. justed t o  o b t a i n  maximum 
o u t p u t  power o f  t h e  t r i p l e r  as w e l l  as m a i n t a i n i n g  a good impedance match 
a t  t h e  i n p u t .  C4 i s  t h e  i d l e r  c a p a c i t o r  and i s  used t o  p r o v i d e  a resonant  
impedance p a t h  t o  ground a t  t he  second harmonic o f  t h e  i n p u t  f requency.  
T h i s  c a p a c i t o r  i s  a l s o  tuned  t o  p r o v i d e  maximum power o u t p u t  and optimum 
impedance matching a t  t h e  i n p u t .  C10 and C11 a r e  tuned  f o r  s e r i e s  resonance 
and maximum power o u t  o f  t h e  o u t p u t  c i r c u i t .  
p u t  impedance matching c a p a b i l i t y .  I n  g e n e r a l ,  a l l  t h e  c a p a c i t o r s  a r e  
a d j u s t e d  t o  o b t a i n  maximum power o u t .  C6 and C8 i n  t h e  i n p u t ,  a r e  ba lanced 
adjustments and shou ld  be s e t  a t  app rox ima te l y  t h e  same va lue .  T h i s  i s  
a l s o  t r u e  o f  C10 and C11 i n  the  o u t p u t .  
C12 and C13 p r o v i d e  t h e  o u t -  
When i n i t i a l l y  d r i v i n g  t h e  f i r s t  t r i p l e r  w i t h  t h e  power a m p l i f  
ALC l o o p  shou ld  be open and an e x t e r n a l  b i a s  used i n  i t s  p l a c e  
formance o f  t h e  e x c i  t e r /modu la to r ,  p r e d r i  v e r / d r i v e r ,  power amp 
f i r s t  t r i p l e r  shou ld  be as f o l l o w s :  
e r ,  t h e  
Per-  
i f i e r  and 
Supply Vo l tage  24 V 28  V 32 V 
Supply C u r r e n t  ~ 8 . 2  A .7.8 A < 7 . 8  A 
Power Ou tpu t  (250 MHz) >85 Watts i 8 5  Watts > 8 5  Watts 
A f t e r  ad justment  o f  t h e  f i r s t  t r i p l e r ,  t h e  ALC l o o p  s h o u l d  be c l o s e d  and 
t e s t e d .  T h i s  i s  accompl ished i n  t h e  same manner as was done i n  pa ra -  
graph 3.1.4. However, because t h e  f i r s t  t r i p l e r  causes some d i s t o r t i o n  
o f  t h e  power a m p l i f i e r  o u t p u t  s i g n a l  and t h e  d e t e c t e d  s i g n a l ,  i t  i s  
necessary t o  m o n i t o r  t h e  ALC o u t p u t  s i g n a l  t o  ensure t h a t  i t  does n o t  
s a t u r a t e  o r  r e v e r s e  d i r e c t i o n  as t h e  power a m p l i f i e r  outDut  power i s  i n -  
creased. If t h e  ALC o u t p u t  s i g n a l  shou ld  s a t u r a t e  o r  r e v e r s e  d i r e c t i o n ,  
t h i s  c o n d i t i o n  can be c o r r e c t e d  by s l i g h t  re-ad%justment o f  C4 and C13 o f  
t h e  f i r s t  t r i p l e r .  
n o t  v a r y  more than  - + 5 %  when t h e  supp ly  v o l t a g e  i s  v a r i e d  f rom 24 t o  
32 v o l t s .  
W i th  t h e  ALC l o o p  c losed,  t h e  outDut  power shou ld  
3.1.6 Second T r i p l e r  ( F i g u r e  2-16) 
There a r e  n i n e  v a r i a b l e  c a p a c i t o r s  o f  t h e  second t r i p l e r  which r e q u i r e  
ad justment ,  i h i s  c i r c u i t  5s  ijiiite z’rn!!zr ?Q t h e  f i r s t  t r i o l e r  and i s  
a d j u s t e d  i n  t h e  same manner. 
_ .  




capaci tors .  
t o  the input frequency. C5 i s  the i d l e r  capacitor and i s  ad\justed t o  
provide a s e r i e s  resonant 
input frequency. 
a t  the t h i r d  harmonic of the i n p u t  frequencv. 
impedance matching. C3 and  C 4  a r e  balance capacitors and  should s e t  
a t  approximately the same value. This i s  also t rue  of C6 and  C7. 
Generally, a l l  the capacitors are adjusted for maximum power o u t ~ u t .  
C3 a n d  C4 are used t o  tune the i n r u t  of the varactor diodes 
p a t h  t o  ground a t  the second harmonic of the 
C8 a n d  C9 provide o u t p u t  
CG and C7 tune the varactor o u t p u t  c i r c u i t  t o  resonance 
The A L C  loop should be open and an external biased used t o  control the 
o u t p u t  power of the power amplifier when the second t r i P l e r  i s  i n i t i a l l y  
connected and tuned with the r e s t  of the system. 
complete system including the second t r i p l e r  should be as follows: 
Performance of the 
Supply Voltage 24 V 28 V 32 V 
Supply Current c 8 . 2  A , - 7 . 8  A < 7 . 8  A 
Power O u t p u t  (750 MHz) > 5 2  Watts >52 Watts >52 Watts 
The A L C  loop should be tes ted in the same manner as was described in 
paragraph 3.1.5 a f t e r  f ina l  adjustment o f  the second t r i p l e r  t o  ensure 
t h a t  the  A L C  output voltage does not reverse o r  sa tura te .  If  the A L C  
voltage does reverse o r  sa tura te ,  re-adjust  C1 and C 2  of the second 
t r i p l e r  t o  correct  t h i s  condition. With the A L C  loop closed, t he  output 
power should n o t  vary more t h a n  - +5% with a supply voltage var ia t ion 
from 24 t o  32 vol t s .  
3 .1 .7  T h i r d  Tr ip le r  (Figure 2-18) 
The system contains two separate t h i r d  t r i p l e r  assemblies. Each assembly 
i s  individually tuned and then connected together with the power s p l i t t e r  
and power adder (See Figure 2-19). 
capacitors used f o r  tuning. C 1  adjusts  the i n p u t  cavity t o  resonance 
a t  the inDut frequency. C2 adjusts  the varactor input coupling  loo^ 
f o r  resonance a l so  a t  the i n p u t  frequency. C3 adjusts the i d l e r  cavity 
f o r  resonance a t  the second harmonic of the i n p u t  frequency. 
adjusted f o r  o?timum coupling of varactor o u t P u t  a t  the t h i r d  harmonic 
of the input frequency. 
the t h i r d  harmonic of the input frequency. 
Each assembly has f i v e  var iable  
C4 i s  
C5 a d j u s t  the  o u t w t  cavity f o r  resonance a t  
A Sierra model 470A-1000 power o s c i l l a t o r  or  eauivalent i s  used as a 
signal source for i n i t i a l  alignment of each of the t h i r d  t r i p l e r s .  
Also, the bandpass f i l t e r  and i s o l a t o r  (Figure 2-21)  a re  connected t o  the 
o u t p u t  during the alignment of the uni t s .  
25 watts of RF power a t  759 MHz which i s  obtained from the S ier ra  power 
o s c i l l a t o r .  The adjustments of the t r i p l e r  a re  a l l  t u n e d  t o  obtain 
maximum Dower out. 
t r i p l e r .  
s t a b l e  and  y ie lds  a higher eff ic iency than any of the others .  
Each t r i p l e r  i s  driven with 
Several modes of operation can be obtained i n  the 
Usually, one mocie o f  operdtioi-i caii be sb ts ined ~ h i ~ h  !'s mcre 
Each 
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3.1.7 ( Con t i nued ) 
t r i p l e r  should y i e l d  a t  l e a s t  45% eff ic iency including the losses of the 
bandpass f i l t e r  a n d  i s o l a t o r .  The t r i p l e r  effici ,?ncy, exclusive o f  the 
f i l t e r  a n d  i s o l a t o r  lcsses ,  should be grea te r  t h a n  52 percent. 
t r i p l e r s  must be aligned t o  operate in the same mode. This can be 
checked by comparing the positions of the capacitor tuning slugs o f  t h e  
two uni ts .  
B o t h  
After individual alignment o f  the  t r i p l e r s  has been accomplished, the 
two units are  assembled together with the Dower s p l i t t e r ,  power adder, 
bandpass  f i l t e r  and i s o l a t o r .  T h i s  assembly i s  then driven w i t h  50 
watts of power a t  759 MHz w h i c h  i s  supplied by the power o s c i l l a t o r .  
Only a s l i g h t  amount of tuning of the t r i p l e r s  should be required t o  
obtain the requi red o u t p u t  power. 
unit  should be tuned a l te rna te ly  and only a very small amount each time. 
I f  the uni ts  a re  inadverently too f a r  misaligned, i t  will  be necessary 
t o  disassemble the uni ts  from the power s p l i t t e r  a n d  power adder a n d  
realign them on a n  individual basis .  The overall efficiency of the 
complete assembly should be greater  than 43% w i t h  a minimum output 
greater  t h a n  21 watts.  
The corresponding capacitors o f  each 
After alignment o f  the t h i r d  t r i p l e r  including the Dower s p l i t t e r ,  power 
adder, f i l t e r  and i s o l a t o r  has been completed using the power o s c i l l a t o r ,  
the units are  then integrated w i t h  the complete t ransmi t te r  assembly. 
Sl ight  re-adjustment of the  second t r i p l e r  o u t p u t  (C6 and C7) a n d  the 
t h i r d  t r i p l e r  i n P u t  (Cl )  may be reauired. As was the case with the f i r s t  
and second t r i p l e r s ,  the ALC loop should be oDen and an external sup2ly 
used i n  i t s  place t o  control the power outDut. 
complete t ransmi t te r  shal l  be as follows: 
The performance of the 
Supply Voltage 24 V 28 V 32 V 
Supply Current <8.2 A < 7 . 8  A ~ 7 . 8  A 
Power O u t p u t  (2277.5 MHz) >20.0 Watts >20.0 Watts >20.0 Watts 
A f i n a l  t e s t  of the A L C  output voltage should be made t o  ensure t h a t  i t  
does n o t  reverse o r  saturate .  W i t h  the  A L C  1000 closed, the outDut 
power should not vary more than +5 % with a supply voltage var ia t ion 
between 24 and 32 volts.  A l l  spurious s ignals  a t  the o u t p u t  should be 
a minimum of 70 DB below the  amplitude of the  c a r r i e r .  Some re-adjust-  
ment o f  the exciter/modulator bandpass f i l t e r s  and output cowl ing  may 
be necessary t o  accomplish this (Paragraph 3 .1 .1) .  After any re-adjust-  
ment of the exciter/modulator f i l t e r s ,  a recheck of the modulation f r e -  
quency response should be made. 
3 . 2  DISASSEMBLY A N D  ASSEMBLY OF MAIN CHASSIS (SK/LST0490) 
Ir! crr fer  t n  disassemble t h e  t ransmi t te r  f o r  pu 
o r  adjustment of one of  the modules, a cer ta in  
for removal of the modules from the main chass 
follows: 
poses of troubleshooting 
s .  This order i s  as 
order-. fiijst C n l l n w n r l  
I u I I "..LU 
D5- 1 3424 
3 . 2  (Continued) 
I -  
I .  
a .  Remove exci ter/modul a t o r  assemb 
wi res. 
b.  Remove automatic level control 
y (SK/LST0480) and  disconnect a l l  
A L C )  assembly (SK/LST0485) from the 
exciter/modulator assembly. Disconnect a1 1 wires t o  the ALC boa rd .  
c. Remove the screws holding the predriver/driver power amplifier 
assembly (SK/LST0481) in place. Do n o t  remove t h e  assembly a t  
t h i s  time. 
d.  Remove the bandpass f i l t e r  a n d  isolator  as follows: 
1 .  Remove the screws holding the bandpass f i l t e r  and isolator  in 
pl ace. 
2. Loosen the o u t p u t  coaxial feed t h r o u g h  connector. 
3. Remove the o u t P u t  connection of the isolator .  
4. 
5. 
Remove the input connection of the bandpass f i l t e r .  
Remove the bandDass f i l t e r  and  isolator  as a single unit. 
e .  Disconnect a l l  the wires t o  the power supnly (SK/LST0516) and re- 
move i t  from the assembly. 
f .  Loosen a l l  the screws which hold the weldment assembly (SK/LST0509). 
g .  Loosen a l l  of the screws holding the second t r i p l e r  (SK/LST0484). 
h .  T i l t  the end of the weldment assembly which i s  over the f i r s t  
t r i p l e r  (SK/LST0483) out  of the chassis until the two screws, in 
the f i r s t  t r i p l e r  next t o  the chassis wall, can be removed. After 
removing the screws, allow the assemblies t o  f a l l  back in place. 
i .  Remove the remaining screws from the weldment assembly and remove 
the assembly from the chassis. 
j. Remove the cover from the f i r s t  t r i P l e r  and disconnect the input 
and o u t P u t  cables. 
A t  t h i s  point, the remainder of the modules can be removed without any 
specif ic  order. 
To reassemble the transmitter, the procedure i s  reversed. 
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3.3 SPECIAL TROUBLESHOOTING PROCEDURES 
Because of the comPactness o f  the transmitter assembly, i t  i s  almost 
impossible t o  Derform any trouble shooting with the modules assembled 
in the chassis. Normal troubleshooting techniques of signal tracing 
should be employed once the transmitter i s  disassembled. 
The dc supply current may be an aid in isolating some types o f  trouble. 
The following ma.!/ be used as a guide i n  fau l t  isolation: 
Normal 
Below Norma 
Supply Current _PowerDUtpUt Probable Cause- 
Bel ow Normal Frequency Mu1 t i  - 
r11 i e r s  
Zero 
Be 1 ow Norma 
Zero 
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SECTION 4 
DRAWING TREE 
4.0 I N T RO DUCT I OF1 
F i g u r e  4-1 i s  a r e p r o d u c t i o n  o f  t h e  drawing t r e e  showing a l l  o f  t h e  




SK/LST0490 - Top Assembly 20 W a t t  T r a n s m i t t e r  
SK/LST0491 - Chassis D e t a i l  
SK/LST0484 - Second T r i p l e r  Assembly 
SK/LST0505 - Power S p l  i t t e r  Assembly 
SK/LST0482 - Automat ic  Level Con t ro l  Assembly 
SK/LST0479 - Second T r i  p l e r  De ta i  1 
SK/LST0505 - Power Spl i t t e r  P / C  Master  
SK/LST0508 - Automat ic Level  C o n t r o l  P / C  Mas te r  
SK/LST0488 - RFI F i l t e r  Assembly 
SK/LST0510 - S t a n d o f f  Detai 1 
SK/LST0516 - M o d i f i c a t i o n  Power Supply 
SK/LST0598 - Adapter P l a t e  I s o l a t o r  
SK/LST0499 - E x c i t e r / M o d u l a t o r  I s o l a t i o n  P l a t e  D e t a i l  
SK/LST0480 - Exc i  ter/Modul a t o r  Assembly 
SK/LST0492 - R F I  F i l t e r  D e t a i l  
SK/LST0496 - Exc i  t e r /Modu la to r  P / C  Master  
SK/LST0497 - Exci ter /Modul a t o r  De ta i  1 
SK/LST0489 - Exc i  ter/Modul a t o r  Ring Frame & Cover De ta i  1 
SK/LST0583 - Master  ID Tag. Meta l  Adhesive 
SK/LST0481 - P r e d r i v e r / D r i v e r ,  Power A m D l  i f i e r  Assembly 
SK/LST0494 - P r e d r i v e r / D r i v e r  P / C  Master  
SK/LST0493 - Power A m p l i f i e r  P/C Master  
SK/LST0518 - P / C  Assembly D e t e c t o r  - ALC 
SK/LST0509 - Bracket  Weldment Assembly 
SK/LST0483 - F i r s t  T r i p l e r  Assembly 
SK/LST0478 - F i r s t  T r i P l e r  D e t a i l  
SKILST0507 - F i r s t  T r i p l e r  P / C  Master 
SK/LST0506 - Power Adder P/C Master  
SK/LST0498 - T h i  r d  T r i  p l  e r  De ta i  1 
SK/LST0506 - Power Adder Assembly 
SK/LST0485 - T h i r d  T r i p l e r  A-sembly 
FIGURE 4-1 DRAWING TREE 20 WATT TRANSMITTER 
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